This Working Section is concerned with evolving methods of assessment in dental education. It focuses on newer methods of assessment that might have relevance for broader application. Although it cannot provide answers to all the questions it raises, it is hoped that the contribution it makes is of value in the process of the development of a global network in dental education.
Introduction
What is assessment? E SSENTIALLY, assessment is a process of making a judgement or measurement of worth. It consists of taking a sample of behaviours, drawing inferences and making estimates of worth (1) . To be effective, the sample needs to be representative of the behaviour skills or attributes being assessed: hence the importance of using several instances whenever possible, as well as using different methods and different observers. The methods of drawing inferences should be consistent across observers or instruments and based on clearly defined, transparent measures. The estimates of worth should be based on explicit values derived from methods of consensual validation. An effective assessment procedure should provide a valid, reliable and practicable assessment of knowledge and understanding, problem-solving performance or professional attributes. Defined skills should be assessed. Tasks should be related directly to course aims and objectives (or learning outcomes) and should be evaluated by explicit criterion referenced methods (2) . Criteria should be agreed by staff and understood by students. In the development of more sophisticated criteria, it has been demonstrated that student learning can be enhanced if students are involved in the definition of thecriteriatobeappliedandthatachangefrom'HowdidI do?' to 'How can I get better?' may ensue (3) . One can see the complexities of the challenge: while technicalachievement might be quantified, the assessment of professional attributes, for example, is not simple. This subsection discusses some of the issues that face dental schools in evolving methods of assessment.
Even if an assessment has been designed for judgement, it should be possible to provide feedback to students on their performance, in terms of relative strengths and weaknesses so that they may learn from the experience. Staff should be informed of the outcome of the process, to provide an overview of the strengths and weaknesses of the course in relation to quality of teaching or appropriateness of assessment tasks, and to review how modifications might be made.
Assessment and learning
Assessment is central to the success of any educational programme and is linked very closely with student learning (4) . It is well recognized that student learning is influenced and directed by methods of assessment (3, 5, 6) . For example, it has been noted that in the assessment of medical students, a change from the award of pass/fail reports at the end of a clinical attachment to a structured, clinical, practical examination led to an increase in the amount of time students spent on the wards (7) as students realized they needed to be able to perform. This Working Section discussed issues in relation to how students learn. There is evidence to suggest that students' orientation to 'deep' learning (that is, the search for meaning and understanding) declines in undergraduate courses (8) . Dentistry has been implicated negatively in this respect (9) . Therefore, evolving methods of assessment should be directed towards the encouragement of deeper learning strategies. It is fortunate that there are examples of curricula (for example, problem-based learning, PBL) and assessment practices, that can promote deep, elaborated learning and improved long-term recall (10) (11) (12) . Critics of PBL, e.g. (13) have claimed that 'traditional' curricula and assessment might allow students to score more highly on knowledge of clinical content (the example given was in medicine), so the aim of educators should be to strike a balance between enhancing relevant knowledge, developing clinical skills and understanding and fostering self-directed learning (14, 15) .
Course designers are becoming increasingly aware of the need to develop reflective, lifelong learners who can assess their own performance and behaviour accurately (3, 16, 17) . The approach has been recommended as a means of preparation of dental students for continued professional development (18) and is listed in national undergraduate dental curriculum requirements (19) .
There is an absence of literature in dentistry as to why particular methods of assessment are used. In essence, lecture-centredacademic curricula emphasize the importance of reproductive (superficial)knowledge andassessmentthat 'fits'thisform ofcurriculum must itselfdemand reproductive knowledge. Simply changing the method of assessment can cause tensions when traditional teaching methods are still used (20) . This working group also discussed the relevance of the curriculum and learning environment on assessment practices.
Parameters within which the section decided to work
In view of the large volume of work already completed and recorded in the DentEd Final Report (21) , it was decided that that document should be accepted as a comprehensive reference for extant assessment practices in dental schools. We refer to that report and the information contained therein. It may be necessary to revise this information when the final phase of school visits is completed.
Review of that document enables identification of a number of areas of assessment as follows.
Established methods a) Assessment of knowledge (e.g. written essays, short answer questions, some forms of multiple choice questions). (21) .It isimportant, therefore, that assessment should only be developed in parallel with comprehensive curricular change (see 'Considerations not otherwise covered' below). c) Areas where assessment is indicated but has not yet been addressed (e.g. cognition, learning approaches and styles). As understanding of learning theory and its implications for curricular content and design grows and as the need for lifelong learning becomes more obvious, so the development of assessment methods which investigate student-learning processes become increasingly important (see 'Considerations not otherwise covered' below).
Best practices and innovations
In all assessment design, whether summative or formative, traditional or innovative, there are certain basic tenets which should be observed, including the following: 1. The purpose of the assessment should be clear to both assessor and assessed. This will usually embrace one or a combination of the following: a) to motivate and direct learning; b) to ensure standards for proceeding to the next stage of the curriculum and ultimately graduation; c) to provide feedback for students on their performance; and d) to provide feedback on the curriculum and its mode of delivery. 2. The concept of alignment of curricular components is seminal. Assessment tasks must match the course objectives, which in turn must be reflected in the course content. 3. The criteria should be kept simple and should be well understood by students. The criteria should form the basis for feedback and marking. 4. There should be wide sampling using different methods. The closer a method is to recall of knowledge and/or well defined solutions the more reliable is the method, but this does not necessarily make it more valid. The conflicting requirements of validity, reliability, effectiveness and efficiency must always be recognized and reconciled as satisfactorily as possible in the individual circumstances (see later). 5. Feedback to students should be as immediate and comprehensive as possible. 6. Student evaluation of assessment criteria and practices should be elicited, receive serious consideration and, where appropriate, be acted upon. 7. The quality of examiners, whether as sources or instruments of assessment or both, should not be taken for granted. Staff training workshops and peer review of assessment practices and, where appropriate, checklists and marking schemes are an essential part of a good assessment system. 8. Where external examiners are used they often provide a useful, objective view of both the curriculum and the assessment procedures. They also enable inter-school comparisons and exchange of expertise. It is essential that external examiners understand the alignment of curricular design and outcomes, empathize with it and have an awareness of best international practice. 9. Assessment is less a psychometric and more an educational design problem (i.e. how to use assessment strategically for its educational effects). There is a need for more research on educational effects of assessment and less exclusive focus on psychometric properties. This research must necessarily be contextually rich. 10. Assessment schemes, overall, should cover the whole competence pyramid. There is a need to rely more on descriptive/qualitative data and to accept that some subjectivity is both inevitable and acceptable, provided multiple assessors are used. A considered combination of 'controlled' and 'independence' strategies is recommended.
Impact of information and communication technology
An increasing number of higher education institutions use computers to help solve some of the problems associated with the burden of increased student numbers. The application of computer-assisted learning (CAL) is well established and computer-assisted assessment (CAA) is becoming increasingly relevant. CAA includes a range of activities, e.g. the collation, analysis and transmission of examination grades across networks or the automatic marking of answers that have been completed by students at workstations. CAA is, in comparison with computer-aided learning, a relatively new development and is often pioneered by enthusiastic individual academics (22) . The successful implementation of CAA is often hindered or abandoned due to time and funding restrictions, or reliance on that individual enthusiast.
Computer-assisted assessment of dental students
In comparison to other educational disciplines(e.g. technical disciplines and/or biological sciences (23) , application of CAA in dental education is less advanced and far from widespread. Positive feedback has been reported from medical students (24, 25) showing that they consider this type of learning/self-assessment to be effective.
Forms of computer-assisted assessment
Computer-based tests (CBT) are the most common form and are, generally speaking, electronic equivalents of the more traditional paper-written test. Numerous software packages have become available both on commercial and free bases to produce CBT (e.g. QUESTIONMARK, CASTLE). Such packages are easily accessible and user-friendly.
Problem-orientated searching for information on the web
This approach evaluates the ability to find web-based information (text, graphics, video files) on specified topics. The topics may range from simple things, e.g. the location of a dental academic, their postal address, e-mail address, personal page, etc. through intermediate tasks, e.g. how to find relevant information on specific dental topics such as dental implants or guided bone regeneration, to more complex scenarios such as how to find a case study that is similar to one specified, and to gain alternative solutions to a dental problem.
Problem-orientated searching for information requires a certain 'outlook' from academic staff. They must be PC/ web-orientated and they must be willing to prepare, electronically, for such a session. The approach is quite new.
Student assessment could follow along the following lines:
Can the student find the required information within a time limit? Can they interpret the relevance of test results? Are they able to handle information (download, save, print out, book-marking, etc.)? Rank ordering of performance seems not to be a good idea because of the possible skewing effects of unstable web resources, e.g. changes in amount, availability and accessibility of information. Further information on this approach is available at the following sites:
The American Academy of Periodontology. ADA Online/the American Dental Association. DERweb/Dental Education Resources at the University of Sheffield. Dental X Change, GlobalDent, Dental Study Club/ Swiss universities base.
Exploiting databases
This consists of searching web databases that provide information of bibliographic quality. It evaluates the ability to find dental monographs and papers on specified topics by using: International searchable databases, e.g. ISI, MED-LINE and NIH. Local and national-related library resources. Personal bibliographic databases. A more advanced alternative is to ask a student to find dental publications that are not indexed in international databases, e.g. final reports, 'electronic-only' dental medical/dental journals, etc. This requires an ability to browse through national institution websites, such as those belonging to governmental bodies, commissions, etc. For students from non-English speaking countries, a useful alternative of the approach is to find English equivalents for dental terminology. This has a double effect in that it improves the ability to work efficiently in 'English-speaking' web resources as well as improving general knowledge of English.
The future of CAA in dental education
Implementation of CAA appears to have been hindered by a lack of institutional commitment, strategic direction and easy-to-use and established methodologies. The potential of CAA is, however, high. When employed correctly, it can ensure that curricular modifications take place at a time when students can benefit (26) . In terms of quality assurance, CAA could drive dental educational institutions to reconsider their existing student assessment methods. For academic staff, CAA can provide the stepping-stone to greater use of computers for teaching.
CAA will challenge the organizational structures of dental schools. Future promotion of CAA should result in a greater collaboration between technically orientated support and academic staff. This process may be challenging in the first instance, as disparate groups are forced to find ways of working together, but such collaboration is essential to the progress of CAA, as its future depends on both pedagogical and technological advances.
How to converge towards higher global standards
This is the focus for the subsection entitled 'Towards global convergence of education, training, quality and assessment' and, consequently, only a précis is given here. Our group was aware that there are two areas of concern in relation to the concept of convergence: the first is a fear that convergence may result in a reduction of standards towards a minimum universally achievable level; the second relates to academics who may be concerned that they will be required to achieve levels of performance which are impossible in their particular circumstances. Both these reservations are real and care must be taken to reassure both groups. A major factor in enabling continuous quality improvement in education is the availability of information on best practices and access to the evidence for their acceptability. A network such as DentEdEvolves is ideally placed to act as a source for this information. It will also be important to facilitate its adoption by engaging in discussion with schools that wish to develop new practices but which are unsure how to progress.
Important regional and continental differences
The European Dimension (based on DentEd, Chapter 17)
From the 25 DentEd visits the following best practices and innovations were recorded.
Ten schools used formative assessment in addition to summative assessment. In most of those schools, formative assessment is an integral and ongoing activity of all courses. Self-assessment and peer-assessment, in particular, have been shown to increase the motivation to learn and change student attitude from one of 'how have I performed' to that of 'how can I get better?' (3) . In a few schools, discussion and feedback takes place during oral assessment or after written examinations so that the examination comprises not only an assessment but also an opportunity to learn. As indicated by the schools themselves, most of the assessment concepts match the course objectives.
Assessment methods
In 23 schools a variety of assessment methods were used in order to assess different aspects of students' competence. These multiple-method combinations are important since no single assessment method can adequately measure clinical competence.
Fifteen schools used case presentations as a trigger for assessment of knowledge but there is no indication that this occurs early in the programme, to reflect authentic situations and the kinds of processes that are central to the profession.
Various skills are assessed by Objective Structured Clinical Examinations (OSCE) in nine schools.
Competence tests, which comprise preclinical and clinical tests of the student's ability to perform designated procedures have been implemented in 19 dental schools; it could not be concluded from the information available that these tests take place in the familiar clinical environment or in a non-threatening manner.
The organization of assessment
The use of external examiners from professional bodies, such as the Public Dental Health Service in Sweden, gives an independent view. For the same reason, in German schools every licensed dentist can take part in the first two State Examinations. Representatives of the 16 State Dental Councils can take part in the third, final State Examination. Members of staff attend conferences on medical and dental education and assessment in order to ensure continuing development of the curriculum and assessment methods, which drive and ensure quality in student learning.
Innovations
Included in new approaches to assessment or nontraditional assessment methods are:
Trends towards formative assessment. Self-and peer-assessment. Use of portfolios or reflective log-books. Performance-based assessment. Practical competence tests. OSCEs or other structured clinical tests. Scientific meetings.
Presentations of scientific projects.
The American dimension
There are three instances of external assessment of dental education in the United States.
a) The Joint Commission on National Examinations, sponsored by the American Dental Association (ADA), the American Dental Education Association (ADEA) and the American Association of Dental Examiners (AADE). An organization of state licensing boards (see item (c) below) administers the National Board Examination at the end of the second year (part 1) and the middle of the fourth year (part 2) of the Dental curriculum. The 'part 1' examination assesses basic science knowledge using standard short answer questions. The 'part 2' examination assesses clinical knowledge using a case-based approach. b) United States dental schools are accredited by the Commission on Dental Accreditation, sponsored by the ADA, ADEA and AADE and authorized by the US Department of Education. This is a voluntary process but, without accreditation, dental students and schools cannot receive federal loans and grants and graduates cannot sit state licensing examinations. The Commission sets a number of standards relating to outcome measures, educational parameters, student support services and the research mission. Every 7 years, the dental schools perform a self-assessment/self-study and are site-visited for 3 days by a team of Commission consultants who verify the findings of the self-study, in a process similar to the recent DentEd visits. Deficiencies result in recommendations that must be corrected within 2 years under threat of loss of accreditation.
c) Individual states conduct practical and written examinations for dentists seeking to practise in that state, in order to assess their competence. The purported rationale is to protect the public but some would argue that the main objective is to restrict mobility. There is no state which assesses continued competence in their practising dentists.
The Singapore dimension
The Faculty of Dentistry in Singapore believes in the new philosophies of learning and assessment and accordingly has introduced innovative assessment methodologies such as open-book examinations, which assess students at a deeper level of critical thinking and application. Clinical programmes are competencebased, with a strong emphasis on multidisciplinary and holistic management of the patient.
The Japanese dimension
In Japan there is a growing awareness among dental academics that assessment is an integral part of the curriculum and should be closely linked to the educational aims, objectives and methods. The assessment methods most frequently employed, however, are dominated by traditional written tests. The introduction of OSCEs is being considered in some dental schools. The Japanese National Board Dental Examination, consisting solely of MCQs, has a direct effect on student learning. Serious consideration must be given to developing a more effective combination of assessment methods, both formative and summative.
Considerations not otherwise covered
Under this heading, we discuss parts (b) and (c) of 'evolving methods of assessment', as defined above.
Assessing attitudes (part b)
An attitude is a mixture of beliefs, thoughts and feelings that predispose a person to respond, in a positive or negative way, to other people, objects or institutions. Clearly, attitudes are a directional force, so when considering attitudes one has to ask: attitudes towards what? Attitudes summarize past actions, they influence future actions and they may be used to predict future actions. However, just as past educational achievement is not necessarily a good predictor of future educational achievement, so too attitudes are not necessarily good predictors of future behaviour. One cannot measure attitudes directly, so one infers a person's attitudes from his/her actions and uses this to predict future actions. There are, however, other predispositions to act. These are understanding, knowledge, skills, motivation and habits. Hence, inferring attitudes from actions or behaviours is complex and requires careful attention to the sample of behaviours and the methods of assessment and an examination of the underlying assumptions of the methods of assessment. Finally, attitudes can also be conceived as occupying the middle ground between personality traits and opinions or mood swings. They are more stable than opinions and less stable than personality traits. The closer the attitudes are to personality traits, the less amenable they are to change.
Can attitudes be changed? There is plenty of evidence that attitudes can and do change. The evidence is drawn from personal experience, naturalistic studies, experimental studies and laboratory studies. Attitudes may be changed through:
personal experience (direct contact); reflection on personal experience; group interaction; group membership; professional identity; chance conditioning; media influences (persuasion); and cult influences (closed communities). Attitudes may be resistant to change and a change in attitude does not necessarily lead to a change in behaviour. Other attitudes, predispositions, motives, emotions or habits may be more potent.
Changes in attitude can be brought about by changing knowledge, understanding, skills, actions and context. It is assumed that these changes can be brought about through lectures, small group work, practicals, clinics and projects. Probably, an equally potent force is the 'hidden curriculum'. The hidden curriculum might be described as the unintended consequences of the structure of the course, its methods of assessment and teaching and the attitudes of its teachers. Even the unintentional remarks of a tutor may reveal attitudes that have an effect upon a student's attitudes. This form of 'chance conditioning' is perhaps more common in laboratories and clinics than is realized.
Why assess attitudes?
Attitudes in Dental Education may be assessed in order to:
ensure dental students and dentists are safe professionals; help dental students and dentists to develop; estimate change; improve interpersonal relationships; change contexts and organizations; satisfy demands of accountability and control. assessment of attitudes can itself change attitudes.
Each of these purposes requires a different emphasis in content and approach. The underlying assumption is that attitudes provide a measure of future behaviour, but as indicated above, this assumption is problematic.
How can one assess attitudes in dentistry?
One can assess attitudes through direct observation of actions or observations of video-recorded actions. The usual rules apply: trained observers, the use of usable explicit criteria and an adequate sample of behaviours. Alternative approaches are self-reports, portfolios, reflective practice assignments and audits of practiceor qualitative-based projects. These approaches are particularly useful for formative assessment. However to be effective, the methods do require trust between the student and tutor. Methods that are normally used for assessing knowledge and understanding may also be used to assess attitudes. Here the danger is that students provide 'socially acceptable' answers. Similar remarks apply to questionnaires and attitude inventories such as a dentist-patient attitude scales. It is suggested that such a scale should be developed and field-tested. Broadly speaking, the more remote the method of assessment is from actual behaviours, the less valid the method is likely to be. However the reliability, validity and practicality is determined by the specifics of the method used rather than the method per se. A good attitude inventory is better than a bad set of observations.
Is assessing attitudes worthwhile?
The answer is a cautious 'yes'. Attitudes are an important ingredient of professional expertise and behaviour. Attitudes in dentistry can be assessed -although their assessment is in its infancy. Just as all methods of assessment of student learning have strengths and weaknesses, so too do different methods of assessing attitudes. The important points are:
Be clear why you are assessing attitudes. Use methods of drawing inferences that are fair, reliable and valid. Be aware of the limitations of the methods that you are using. Be aware of the assumption that you are making of attitudes as predictors of future behaviours. Monitor your methods of assessing attitudes.
Learning (emphasizing process rather than content) (part c)
This section includes discussion of the development of the assessment of critical thinking and decisionmaking, its relationship to curricular strategy and its relevance to professional practice.
A greater understanding of cognitive processing, particularly in relation to learning, coupled with the realization that lifelong learning skills are essential for continuing safe effective practice has highlighted the need for a new dimension in the assessment of healthcare professionals. It is now agreed that it is important to measure not only what is learned, but also how it is learned. It is possible that this new concept will have implications for the selection of students for courses and for modification not only of curricular strategies but also of learning practices at both undergraduate and postgraduate levels.
A review of the understanding of learning theory shows that it can be considered as encompassing two parallel approaches. These are described by Biggs (27) as: a) The information processing theory deriving from cognitive psychology. b) Approaches to learning theory based on student personality, learning styles, individual learning context andmotivationasreportedbythe student.Muchofthe work in both areas relates to medical education but is clearly relevant to all health-care professionals.
Background literature
Information processing theory Researchers such as Schmidt, Norman, Holyoak, Patel, Schwartz and Barrows have performed extensive investigations into cognitive and metacognitive processing during problem analysis and decision making since the early 1980s. Norman (28) referred to the statement of the American Board of Internal Medicine (1979) that 'the ability to define and manage clinical problems is viewed as central to clinical competence in medicine'. Norman reflected further that none of the variety of evaluation methods then available demonstrated a high correlation between performance on one problem and on the next. He concluded that the low correlation suggested that something other than the general skills of data gathering, problem solving and clinical judgement, as they were then perceived, was having a significant effect on performance. Patel et al. (29) , again addressing the dilemma of the precise components of successful problem analysis and decision making, demonstrated that the process involved in the memory for clinical cases is complex and involves the ability to make inferences from a highly developed knowledge base. Further work by these same researchers and others in the 1990s has helped to clarify a number of these issues. Schmidt and Norman (30) , reviewing the publications of the previous two decades, proposed that medical expertise is not so much a matter of either superior reasoning skills or in-depth knowledge of pathophysiological states, but is based rather on cognitive structures that describe the features of prototypical or even actual patients. They suggested that these cognitive structures contain relatively little knowledge about pathophysiological causes of symptoms and complaints but contain a wealth of clinically relevant information about disease, its consequences and the context under which illness develops. In relation to assessment they suggested that clinical competence will be properly assessed only if tools are used which focus on both the knowledge base and 'on the qualitative transition from a conceptually rich and rational knowledge base to one comprised of largely experiential and nonanalytical instances'. They admitted that measurement is difficult but suggested a two-stage strategy where the first stage provides limited information in a limited time period and probably includes visual representation and the second stage supplies more data and allows for detailed information processing.
The studies of Whittlesea et al. (31, 32 ) also indicate that it is possible to identify many of the interactive factors involved in the accessing and application of knowledge to a prescribed problem/task/decision. They asserted that it is possible to assess these factors individually and demonstrated, in their 1994 paper, how this may be carried out. The methods which they used are complex and not immediately applicable to general assessment in undergraduate curricula but should become so if further refined and modified.
New developments in assessment of clinical reasoning suggest that, as knowledge and clinical reasoning are closely linked (33), we should not be afraid to examine for knowledge, provided the assessment, whatever the format, focuses on clinical decisions and uses multiple case scenarios.
Examples of stimulated recall techniques described by De Grave et al. (34) and, more recently, Barrows (14) seem to offer readily accessible assessment tools for clinical reasoning including both knowledge processing and conceptual change during problem analysis.
Approaches to learning theory
This alternative approach to the understanding of learning theory is based on the analysis of learning in the learning environment. It relies largely on the use of inventories and questionnaires completed by students involved in curricula. In the 1960s and 1970s researchers such as Biggs and Entwistle, investigating student-learning approaches, began to develop and continue currently to modify, questionnaires such as the Study Process Questionnaire and the Approaches to Studying Inventory. Using these tools three basic approaches to learning, i.e. surface, deep and strategic, have been identified. Evidence shows that the deep approach to learning results in a much better understanding of the material and a better performance in immediate examinations and on later recall (5, 8) .
Researchers generally agree that the student approach to learning is dependent to some extent on student learning styles but is also much affected by interaction with teaching, curricular strategy, context and learning environment. The Biggs model of relationships in education (3P model), i.e. Process, Presage and Product, provides a comprehensive exposition of all aspects of current learning theory. Because assessment is such a strong motivator of learning it is essential that it is designed to encourage a deep approach. There have been some disquieting results of studies that suggest that students entering third level education as deep learners may change to strategic or even superficial learners during the undergraduate years. McManus et al. (35) , reported on a study of the relationship between medical students clinical experience and their final examination results and found that there was a lack of correlation between examination performance and clinical experience. This study did, however, find a correlation between study habits and learning approaches. Once again the work of this group of researchers highlights the need to expedite the development of new assessment practices to take account of methods of information processing and learning process profiles, both of which must be identified so that they can be modified by curricular strategies.
Implications and potential for emerging countries
Course objectives and assessment methods and rates of curricular development must reflect cultural, demographic, financial and environmental circumstances of each individual school and country. Personal interaction and outreach programmes designed for areas with limited accessibility must support networking of technological advances. See also the report of Theme 4, 'Web-based interactive learning programmes'.
Core values applicable to all
Miller, in his invited review (36) , stated the following:
It is important to start with the forthright acknowledgement that no single assessment method can provide all the data required for judgement of anything so complex as the delivery of professional services by a successful physician. He suggested a framework on which to base assessment which is known as the Miller pyramid. The pyramid is designed with 'knowledge' as the basal section and moves apically through 'knows how' (competence) and 'shows how' (performance) to 'does' (action).
The main general characteristics of instruments in assessment are reliability, validity, educational impact, acceptability and cost (35) .
In a selective assessment situation educational impact and validity are reduced in weight to the advantage of reliability, whereas in formative assessment the reverse may be the case. Reliability is related to sampling across content and testing time. Adequate reliability requires substantial sampling and multiple examiners, patients and resources.
Validity can be addressed by reference to Miller's pyramid as above. Miller (36) recommended that factual tests be applied to the 'knows' stage, clinical context-based tests to the 'knows how' stage, performance assessment in vitro to the 'shows how' stage and performance assessment in vivo to the 'does' stage.
Educational impact is related to the assumption that assessment drives learning. It undoubtedly does this, but there is a need for more research into ways in which it can be used to encourage desirable learning habits.
Range of assessment methods available
Cases and open problems This approach has potential for measuring application of knowledge, analysis, problem-solving and evaluative skills. Short cases are relatively easy to design and mark. Design of more complex cases and their marking schemes is more challenging. Marking for grading and feedback is about as fast as essay marking.
Computer-based assessment This is much discussed. (See section on 'Impact of information and communication technology'.) Reliability is high but validity (the match with outcomes) needs careful attention.
Direct observation
This is useful for immediate feedback, for developmental purposes and for estimating performance provided a simple, structured system is used. The presence of an observer can change performance, so the method should be handled sensitively. Impressionistic observation can be useful, if supported by constructive feedback. This method can be used by a group of peers to provide feedback as well as assessment. Intensive, lengthy training is required for high reliability if detailed checklists are used. Reliability, validity and manageability are fairly high when structured observation is used.
Essays
These constitute a standard method. There are several types of essays that test different styles of writing and different types of thinking. Essays usually measure understanding, synthesis and evaluation provided that the right questions are asked. They are relatively easy to set. Marking for grading, based on impressionistic marking, is fast. Marking for feedback can be timeconsuming. Overall, the advice is to keep the criteria simple. Variations between assessors can be highvariations are also demonstrable in repeat marking by individual assessors.
Learning logs/diaries
There is a wide variety of formats ranging from an unstructured account of each day to a structured form based on tasks. Some training in reflection is recommended. Inevitably, it is time-consuming for students and requires a high degree of trust between assessors and students. Measuring reliability is difficult. It may have high validity if the structure matches learning outcomes.
Mini-practicals
This is interpreted as a series of mini-practicals undertaken under timed conditions. There is potential for sampling a wide range of practical, analytical and interpretative skills. The initial design is time-consuming. Some, if not all of the marking can be done on the spot so it is fast. Feedback to students is fast. A reliable method, but training of assessors is necessary.
Modified essay questions (MEQs)/structured questions
This relates to a sequence of questions based on a case study. After answering one question, further information and new questions are given. The procedure continues, usually for about 1 hour. It is relatively easy to set up and may be used in teaching or assessment for developmental or judgemental purposes. It can be computer-or paper-based. It may encourage reflection and analysis and has the potential for high reliability, validity and manageability.
Multiple choice questions (MCQs)
This approach may be used to sample a wide range of knowledge quickly. It has the potential for measuring understanding, analysis, problem solving skills and evaluative skills. There are a wide variety of formats from true/false to reason-assertion. More complex formats are not recommended as they confuse students unnecessarily and they are time-consuming to design. More demanding MCQs require more time to set. Better ones are based on case studies or research papers. They are easy to mark and results are analysed easily. They are also useful for self-assessment and screening and have potentially high reliability, validity and manageability. Feedback to students is fast. There is a danger of testing only trivial knowledge. To save time, look for banks of items on the Net or in US textbooks. A team of assessors, working to the same learning outcomes, can brainstorm and produce several questions in an afternoon.
Orals
These help to test communication, understanding, capacity to think quickly under pressure and knowledge of procedures. Feedback potential is good. Marking for grading can be fast but some standardization of interview procedure is needed to ensure reliability and validity.
Objective structured clinical examinations (OSCEs) Initially these were used in medicine and only latterly gained interest in dentistry (20) . They are particularly useful for assessing practical and communication skills quickly but are fairly hard to design and organize, although easy to score and provide feedback. They may be used in the induction phase to estimate key practical skills. Group OSCEs are useful for teaching, feedback and developmental purposes. OSCEs can be used towards the end of a course to provide feedback or to test performance against outcomes. Reliability, validity and manageability are potentially fairly high. They are probably less labour intensive than other forms of marking but several assessors are required at any one time. Initially, they are time-consuming to design -but worth the effort. It is essential that a large number of stations be used.
Portfolios
There is a wide variety of types ranging from a collection of assignments to reflection upon critical incidents. The latter are probably the most useful for developmental purposes. They may provide a basis for orals and have rich potential for developing reflective learning if students are first trained in these techniques. Effective use of the portfolio requires a high level of trust between assessors and students. Measuring reliability is difficult, although they may be high on validity if the structure matches the objectives of training.
Poster sessions
These test the capacity to present findings and interpretations succinctly and attractively. There is a danger of focusing unduly on presentation methods but this can be avoided by the use of simple criteria. They offer good opportunities for feedback from tutor, self and peers. Marking for grading is fast and the use of criteria reduces variability.
Presentations
Presentations test various aspects of preparation, understanding, knowledge and capacity to structure information and oral communication skills. They also have feedback potential from tutor, self and peers. Marking for grading is based on simple criteria and is fast and potentially reliable. They measure their ability to respond to questions and also manage discussion.
Problems
The use of problems has a potential for measuring application, analysis and problem-solving strategies. Complex problems and their marking schemes can be difficult to design. Marking for grading of easy problems is fast. Marking of complex problems can be slow. Marking for feedback can also be slow. Variation between markers is fairly low when based on model answers or marking schemes. Allow for creative, valid solutions by bright students.
Projects
This includes group projects and dissertations. They have good all-round testing ability and the potential for sampling a wide range of practical, analytical and interpretative skills. They also provide a measure of project and time management. Group projects can provide a measure of teamwork skills and leadership, motivation and teamwork. Marking for grading can be time-consuming. Marking for feedback can be achieved through peer and self-assessment and presentations. Learning gains can be high particularly if reflective learning is part of the criteria. Projects test methods and processes as well as end results. There can be variations between markers. The use of criteria reduces variability but variations of challenge of project or dissertation can affect reliability.
Questionnaires and report forms
Structured questionnaires may elicit the information wanted but semi, or open-ended, questionnaires may provide the information needed. A mixture of structured and open-ended questions is therefore recommended. Criterion reference grading is recommended for judgemental purposes. Broad criteria are more reliable and valid than highly detailed criteria. Detailed criteria tempt users to react negatively or disdainfully.
Reflective practice assignments
This measures student capacity to analyse and evaluate experience in the light of theories and research evidence. It is relatively easy to set. It provides feedback potential from peers, self and tutors. Marking for feedback can be slow. Marking time for grading is about the same as for essays. Use of criteria reduces variability.
Reports on practicals This is a standard method. It has potential for measuring knowledge of experimental procedures and analysis and interpretation of results. It measures 'knowhow' of practical skills but not skills themselves. Marking for grading using impressions or simple structured forms is relatively fast. Marking for feedback with simple structured forms is faster than without them. Variations between markers, without structured forms, can be high. The method is sometimes over-used. To reduce student workload and the assessment load, different foci of assessment for different experiments are recommended.
Self-assessed questions based on open learning (distance learning materials and computer-based approaches) Strictly speaking, this is a method of learning, not of assessment, but it could be used more widely for assessment purposes. Self-assessed questions could form an integral part of open learning. These could be based on checklists, MCQs, short-answer questions, MEQs and other methods. Their primary purpose is to provide feedback and guidance to the users. They can be used to integrate open learning and practice-based learning if students visit general dental practices or community health clinics. Reliability and validity is probably moderately high and manageability is high in the long term, but initially it is low.
Short-answer questions
This standard method has potential for measuring analysis, application of knowledge, problem-solving and evaluative skills. Questions are easier to design than complex MCQs but still relatively slow. Marking to model answers is relatively fast compared with marking problems but not compared with MCQs. Marking for feedback can also be relatively fast.
Simulated interviews
These are useful for assessing oral communication skills and for developing ways of giving and receiving feedback on performance. Video-recorded sessions take more time but are more useful for feedback and assessment. Peer and self-assessment can be used. Sensitive oral feedback on performance is advisable. Assessment by simple rating schedule or checklist is potentially reliable if assessors, including students, are trained.
Single essay examination This is usually structured on a 3-hour response on a prepared topic. It is relatively easy to set but attention to criteria is needed. This method tests a wider range of ability including capacity to draw on a wide range of knowledge, to synthesize and identify recurrent themes. Marking for feedback is relatively slow. Marking for grading is relatively fast providing the criteria are simple.
Work based assessment
This includes a variety of methods including learning logs, portfolios, projects and structured reports from supervisors or mentors. It is important to provide training for supervisors and mentors in the use of criteria. Work experiences can be variable so reliability can be low. Validity, as usual, is dependent upon clear learning outcomes.
Open book assessments
This format focuses on skills of information sourcing and ability to perform critical analysis, prioritization and summarization of information. It is increasingly relevant in an age where easy access to information sources reduce the need for memorization of large volumes of information.
Conclusions
There is general agreement that the quality of the assessment is a major determinant of undergraduate learning. The range of assessment methods available for monitoring knowledge is wide and well documented. Educators who follow the basic guidelines summarized in this report and widely available in the literature should be relatively reassured about their assessment of knowledge. There is widespread and growing concern about the integrity of the assessment of many components of clinical performance in dental education. Even the assessment of a student's physical skills, long recognized as the core of dental practice, is a source of concern. Consistency, objectivity, training and performance of assessors are among the topics that need to be addressed. Questions still need to be answered about what 'assessment of competence' really means, the (lack of) reliability of day-to-day continuous clinical assessment and the value of traditional, unstructured forms of assessment, such as the viva voce examination. Some essential components of clinical competence (e.g. professional behaviour, attitudes and communication skills), which are central to effective clinical practice, have always been regarded as difficult to measure. Many educators are now recognizing the need for a structured approach to the teaching and assessment of professional behaviour, communication skills and attitudes in the curriculum. New emphasis on the importance of the learning process and the need for active lifelong learning has inevitably led to the search for tools to measure this important aspect, although much work remains to be conducted. Careful organization and synchronization of the many disparate initiatives currently in progress within dental education and the health care professions in general should enable more rapid solutions to the many challenges which remain within the area of assessment.
